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© An integrated optical package for coupling optical fibers to devices with asymmetric light beams. 



@ This invention embodies an integrated optical 
package including an optical component hav- 
ing an asymmetric modal output and a lens 
integrated with the component for coupling to 
another component having a large modal area. 
The coupling is achieved by the use a tapered 
waveguide section (12). This section may be 
referred to as Polymeric Elongated Waveguide 
Emulating (PEWE) lens, in the exemplary embo- 
diment the first optical component is a mod- 
ulator (11), and the other optical component is 
an optical fiber (13). A facet of the modulator is 
etched by reactive ion etching (RIE) which al- 
lows integration of the PEWE lens on a common 
substrate (14). The lens is manufactured using a 
polymer film on a dielectric cladding layer. The 
fabrication relies on the remelt and reflow 
properties of polymer films to provide a smooth 
adiabatic mode contraction from a circular (op- 
tical fiber) mode (~6jxm in diameter) to a semi- 
conductor mode («1fun) over a length of 250 
urn. The PEWE lens permits coupling with an 
insertion loss of 0.5 dB and 80 percent coupling 
efficiency, even though the lens is butt-coupled 
to a fiber without any external lens. The PEWE 
lens allows the realization of better than 80 
percent direct fiber butt-coupling efficiencies to 
semiconductor lasers, photodetectors, optical 
modulators, switches and amplifiers with a sim- 
ultaneous order of magnitude relaxation of the 
alignment tolerances typically needed for the 
coupling of semiconductor devices with 
single-mode fibers. 



II * 




CL 

LU 



EP 0 569 181 A1 



Technical Field 

The present invention relates to an integrated 

light beam, and a lens for coupling the optical device 
to an optical fiber. 



Background of the Invention 
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Future network systems may include long^aul 
ootical communication systems, interconnection 

fnteoral part of optical fiber communication systems. 

« such as modulators and optical switches, are also 
Sly to be iXorated into the network systems. 
'^rtunateTy. the utilfcy of many 
ductor devices is hampered by their hfch fiber Inser 
So^oss which at least partially arises 
Tntal mismatch between a typical 

•!h a ralativelv large cylindrical core and, thus, a 
Ce c£ « modS inpufor (output) area, and sen,, 

nutt areas and eccentricity ratios greater than 1.1. 
?2JELch arise in coupling light between opbcal 
M « HheTdevices include those arising from 
he mismatch of the symmetry of the two mode. (c«r- 
cutaTvels elliptical) as well as the mismatch of the 

"Tthr^metric hemispher.ca.ly and ^- 
oerbSiX shaped microlenses have beenfabncat- 

ed on tne ena oi c * 4.932,989, issued to 

•aserbeara SeeU S. ^ 

H. M. Presby on June 12, 19»u ana « 
* 011 254 issued to C. A. Edwards and H. M. Presby 
5 fSS such mfcrolenses afford relabvely 

whose X beam prof iles are circular or have ^p- 
jinZdeseto 1:1 i.e.. where the divergence of 

Sew devices '«*•■■ '« 1 
S^Sm aawimenic micretenses. There are many 
Zrew'hSre an elliptical beam Cue-urea* *■ 



odes with reasonable modal ^ £ ^ * 
1-3 5 fiber coupling efficiencies of up to 50 percent 
can be obtained with symmetric microlenses, wrth 25 
to 35 percent being more typical. Since about ha. of 
* the laser output is not utilized, the laser has to be run 
aTSTer currents to yield the same coupled power 

iX£!2 laser at higher currents resutts « 
abater heat to be dissipated. For example, when the 

10 Tower Lipation is four 

percent coupling efficiency. This affects lo^m 
stability and reliability of the lasers and presents a 
mX obstacle in the development of uncooled laser 
dioSe technology. For modulators an< I «jWj* 

,oss decreases signal to noise ratio and .ncreases 

beams with non-symmetric lenses have been report- 
ed in the form of an externally ™unted cyitadrical 
fens and a wedge-shaped fiber endface. See M .Em- 
uwaS et al. "Semiconductor Laser to Single-Mode 
RbeTSoupler." Applied Optics, Vol. 18. No. 11. 1979, 

ZS^Sng from a 980nm. Broad Area ^er to a Sin- 
^e Fiber Using a Wedge^hap* I Fiber End- 
J Liahtwave T echnology, Vol- 8, No. 9, 1990, 

effected by means of a lens and a f "drica. rod 
D aoSbetweenalaserandanopticalfiber,and.nthe 

defease an end of the f iber is provided with an en^ 

36 larsed cylindrical portion ^^!^Z 
shaDe which approximates a cylmdncal lens, m tne 
fatter case, a coupling efficiency of 47 percent was 

Ihe device to match the circular single-mode f.ber 
mode profile and vice versa. 

45 summary of the Invention 

This invention embodies an integrated optical 

package including an optical component having an 

Symmetric modal output, and a lens 
so theMmponentfor^uplingtoanotheropbcalcompo- 

nent having a large modal area. The coupling is **■ 

Emulating (PEWE) lens. In the exemplary embodh 
optima, component is 
55 theotheropticalcomponentisanoptealfber.Afacet 

2 the modulator is etched by reactive ion etching 
?RIE) which aHows integration of the PEWE lens on a 
En substrate. The lens is manufactured using a 
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polymer film on a dielectric cladding layer. The fabri- 
cation relies on the remelt and ref low properties of 
polymer films to provide a smooth adiabatic mode 
contraction from a circular (optical fiber) mode («6nm 5 
in diameter) to a semiconductor mode (*1nm) over a 
length of 250 urn. The PEWE lens permits coupling 
with an insertion loss of 0.5 dB and 80 percent cou- 
pling efficiency, even though the lens is butt-coupled 
to a fiber without any external lens. The PEWE lens 10 
allows the realization of better than 80 percent direct 
fiber butt-coupling efficiencies to semiconductor las- 
ers, photodetectors, optical modulators, switches and 
amplifiers with a simultaneous order of magnitude re- 
laxation of the alignment tolerances typically needed 1 5 
for the coupling of semiconductor devices, single-mo- 
de fibers. 

Brief Description of the Drawings 

20 

FIG. 1 is a perspective view of an integrated opt- 
ical package showing a micrdens coupling an 
optical device to an optical fiber, 
FIG. 2 is a perspective view of the microlens; 
FIG. 3 is an enlarged schematic representation of 25 
a side view of a portion of a compound semicon- 
ductor structure with a thin SD 2 layer thereon 
prior to formation of the microlens; 
FIG. 4 is a top view of the structure of FIG. 3 with 
a diamond-like shaped photoresist region; 30 
FIG. 5 is a schematic representation of a side 
: view in cross-section of the structure of FIG. 4 
with a continuous layer of photoresist over the 
whole of the upper area; 

FIG. 6 is a schematic representation of the struc- 35 
ture after the heating and ref low of the photore- 
sists shown in FIG. 5; 

FIG. 7 is a schematic representation of an angle 
light exposure of an area of the photoresist to re- 
move unwanted photoresist from an end portion 40 
of the microlens adjoining the device; 
FIG. 8 shows the microlens after removal of the 
unwanted photoresist region and prior to separa- 
tion of two adjoining lenses along the center line 
27; 45 
FIG. 9 is a schematic representation of an inter- 
mediate step in the formation of a polyimide mi- 
crolens utiizing a reflown photoresist layer on top 
of the polymer layer, 

FIG. 10 is a schematic representation of the poly- 50 
imide microlens formed from the configuration of 
FIG. 9. 

Detailed Description 

55 

This invention embodies an integrated optical 
package including a semiconductor device having an 
elliptical mode output integrated with an elongated 
optical lens for coupling the device to an optical fiber 



with a circular mode and vice versa. The package and 
process steps used in the fabrication of the package 
are described hereinbelow with reference to the 
drawings. For illustration purposes, various dimen- 
sions of the drawings are not drawn to scale. 

Shown in FIG. 1 is a schematic perspective view 
representation of an integrated optical coupling pack- 
age, 10. Package 10 includes a compound semicon- 
ductor device, 11, having an asymmetric modal output 
area, and a coupling optical lens, 12, formed integral- 
ly with the device and coupling an optical mode output 
(or input) of the device to an optical fiber 13. Lens 12 
is of an organic polymeric material including photore- 
sists and other polymers. For smooth coupling of opt- 
ical energy from the device to a fiber and vice versa, 
lens 12 is in the form of an elongated wedge-like wa- 
veguide. This lens may be referred to as a Polymeric 
Elongated Waveguide Emulating (PEWE) optical 
lens. 

Typical semiconductor device 11 includes a sem- 
iconductor substrate, 14, a bottom cladding layer, 15, 
an active layer, 16, a top cladding layer 1 7, and a low- 
er and a top electrodes, 18 and 19, respectively. The 
device may further include at least one other layer, 
such as a buffer layer positioned between the sub- 
strate and the bottom cladding layer, a highly doped 
contact layer positioned between the top cladding 
layer and the top electrode, a capping layer posi- 
tioned on top of the top cladding or contact layer, and 
some other layers depending on the construction of 
the device, as is well-known in the art Undoped or 
lightly doped transition layers may also be deposited 
between the active layer and the cladding layers. The 
active layer may be a single layer, an alternating mul- 
tilayer structure, or a structure graded on both sides 
of the active layer. Such layers are well-known in the 
art and may vary depending on the device. 

A layer, 20, of an optically transparent dielectric 
material overlays a top surface, 21, of the device, its 
light-emitting (or light-receiving) facet, 22, and a sur- 
face, 23, of the bottom cladding layer 15. Prior to de- 
position of the dielectric layer, the surface of facet 22 
may be coated with a light-reflective coating. Such 
coatings as AgBror ZnS, are suitable for this purpose. 
Top surface 24 of layer 20 is aligned with lower 
boundary of active layer 16. Lens 12 rests on top sur- 
face 24 of layer 20 and abuts that portion of layer 20 
which is in contact with facet 22 of the device. Since 
the lower surface of lens 12 is on surface 24 of layer 
20, the bottom of the lens is also aligned with the bot- 
tom of active layer 16. To fit the lens to the cross- 
section of active region 16 and of the optical fiber, the 
lens is in the form of a truncated wedge. The narrow- 
er end of the wedge is aligned with and approximates 
the cross-sectional area of active region 16, while the 
wider end of the wedge approximates the cross- 
section of at least the core of the optical fiber. The 
face of the lens at the narrow end has a rectangular- 



EP 0 569 181 A1 



to-elliptical cross-section with an asymmefry ratio 
cTosely approximating that of the active regwru The 
narTow end of the lens abuts facet 22 of dev.ce 11. 
The7p£s*e face of the lens at the wide .end has a 5 
Iquare^-circular or -elliptical 
approximates * least the aoss-sech^ 
t heopticalfiber.Aperspectivev.ewolens12wrthout 

hedtelectttolayerandthesub^^ 
2 Optical fiber 13 is shown abuttmg the ens. how 
ever'rtmay beany otheroptical "-^SlSS 
atively large modal area, relative to the modal area of 

^T^orplUee-ybe^upona 
singfe expound semiconductor wafer, and then djv- « 
Sed ouTe g. by cleaving into single or duplex pack- 
ages or alternately, into a parallel muHj » «f- sNJe 
o?duplex packages. Aduplex integral ' P^jejn- 
dudes two semiconductor devices 11 integrally pro- 
Sor°hesubstrateinaback-to-backfash,on per- » 
mi £ng insertion of an optica, radiation from one^ opti- 
ca. fSer into one dev.ee v.a a related ^ M»M 
the radiation from one device to another demand 
hen coupling of the radiation from saKi other device 
nto another optical fiber via the related ens. * 

The production of the integrated optic* package 
beoins with a semiconductor structure of the dev.ee 
u^Taslicondudor wafer, formed bydepos^gon 
th^ substrate a plurality of different layers by planar 

layer placed between a bottom and a op daddrnglay 
era but may indude other layers as .a well-known .n 

11,6 Atteast one flat trench is etched in the surface of 
the semiconductor structure exposing vertical facets 35 
22. The width of each trench between the facets • 
equal to twice the desired length of the lens Jhe **■ 
tence between the trenches is selected to accommo- 
date the length of two devices. Prior to form ng the 
lenses,theetchedfacetmaybecoatedwrthath.nan- 40 

"ef .Tdive coating, such as AgBr or Z"S. Thereafter 
he bottom of each trench, the facet and the uppe 
surface of each device, are coated with a th.n layer 
of an optically transparent dielectric matenal. The 
ttench is of such depth and the dielectric matena s 45 
of SU ch thickness that, when the dielectric matenal .s 
aep^ed on the bottom of the trench, the supper sur- 
faceof the dielectric material in the trench « m al.gn- 
ment w «h the bottom boundary of the a^yerln 
The structure. This assures alignment of he lower so 
surface of the lens resting on the dielectric layer wrt h 
the bottom boundary of the 

The lens is produced by deposing, on upper sur 
face 24 of dielectric layer 20 in the trench, a layer of 
an organic polymeric material, seleded from photore- ss 
stete and oiheVpolymers. which is optica, y transm.s- 
s"e and has an index of retraction appmx.mat.ng that 
o?the core of the optica, f iber. The organic po*r«nc 
material after processing has in a long.tud.nal cross- 



sedion a truncated wedge-like ^ucture be "PP^ 
surface of which slopes from the wde, optical f .be^ 
mating end to the narrow, dev.ce-mat.no end The 
S*L of the organic materia, is smal refctiv to 
the length of the lens so that the upper surface of the 
enstoesgmduallyfmmthewideendtothenarmw 

end In the preferred embodiment, the upper surface 

ical fiber end to about 1 um at the dev.ee end ove a 

Ztfo materia, is trimmed lateral.* jj*. by plasma 
etching, to remove any orgamc polymenc matenal 
which is not needed for the transmission of the radK 
Sonene^y from the device to the fiber and vice ver- 
sa The top view of the lens has the shape o a frun 
cated triangle, with the broader base fac.ng the fiber 
and with the narrower base facing the dev.ee. Be- 
cause of the gentle slope of the wedge there .s 

prcteded surfaces of the lens. To reduce even th* 
posslbility.exposedsurfa^ 
ed withathln layer of dielectric material such asSIQ, 
with n = 1 .47, which could block the leakage. Prefer- 
ably the coating material shall have an index of re- 
gion which is'ower than the material . of the , ten* 
For Mustration purposes, this invent™ .s descn- 
bed with reference to an optical moAJatoi jjave- 
guide, having an elliptical light mode wrt .a ratio of, 
eg1-3.asthesemiconductordevice11.Th.sdev.ee 

re 9 eoupied to an optica, f iber by PEWE .ens 2 fabri- 
cated from a photoresist material havmg refraebve in- 
dex (n = 1 .63) approximating that of the core (n = 1 .49 

I 52) of the optical fiber. An effective fiber couphng 
efficiency of 80 percent wrthanorderof magmtudere- 

laxation of the typical alignment tolerances .s obtam- 
able with this arrangement 

Shown in FIG. 3 is an enlarged schematic repre- 
sentation of a sedion of a compound 
wafer acting as a semiconductor substrate wrth a 
GaAs/AIGaAs device structure grown thereon by pla- 
nar technology. In the exemplary embodiment dev.ee 

II is a modulator having a structure .ndud.ng a 150 
^ thick GaAs substrate 1 4. a 1 .5 um t hid iMuOj 
Z bottom cladding layer 15 a 50 penod 
GaAs/AIGaAs adive region 1 6. each penod .ndudmg 
a lOnm thick GaAs layer and a 10nm thick Al 0 ^ Ga™ 
AsC a 0.3 pm thick AI M ^ As Adding layer 
17. and a 50nm thick GaAs capp.ng aver. 25 The 
light emission takes place from the surface erf a facet. 
22. which is perpendiculartotheplaneo the drawing 
The modulator is provided also with electrodes 18 ana 

4f% 



' The modulator was prepared by depositing upon 
anabout 500 pmthick GaAs wafer, to be used as sub- 
strate 14 of the modulator semicondudor. layers 1 5- 
17 and 25 in succession by planar technology depos- 
ition. The deposition may be carried out by molecular 
beam epitaxy (MBE), metal organic vapor phase ep.- 
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taxy (MOVPE), also known as metal organic chemical 
vapor deposition (MOCVD), or by hydride vapor 
phase epitaxy (VPE). In the present embodiment the 
deposition was carried out by MBE. Thereafter, the 
coated wafer was patterned with a photoresist mask 
so as to delineate for trenches parallel to the face in- 
tended for light emission. The width of each trench, 
about 500 urn, was selected to produce two lenses, 
about 250 urn long each, arranged back to back, each 
to another. The wafer was then etched using a SiCI 4 
plasma to totally remove in delineated trench areas 
layers 1 6, 17, and 25 and a small, about 0.5 \xm f thick- 
ness of the upper surface of bottom cladding layer 15. 
This small thickness was chosen to allow the etched 
surface to be about 0.5 \im beneath the lower bound- 
ary of guiding or active region 16. Vertical walls were 
obtained by etching with plasma using 0.1 6 W/cm 2 RF 
power and 5 mTorr working pressure. The etched side 
walls were as smooth as the edge profile of the pho- 
toresist mask used for defining the trenches. The wa- 
fer was then thinned down to 150 iim, and 0.5 pm 
t hick SiOs layer 20 was deposited at300°C by plasma 
enhanced chemical vapor deposition (PECVD) over 
the whole of the wafer, namely over top surface 21 of 
capping layer 25, the surface of facet 22 and the etch- 
ed surface 23 of bottom cladding layer 1 5. The Si0 2 
layer serves as the bottom cladding layer for the 
PEWE lens. Electrodes 18 and 19 may be deposited 
after the completion of the structure. Alternatively, 
the electrodes may be deposited after the deposition 
:*pf Si0 2 layer 20. This would require formation of a 
window in layer 20 through which electrode 19 is then 
deposited. 

A 7 nm thick layer of AZ 4620® photoresist was 
applied by spinning over the SiQ 2 coated surface of 
the wafer, and thereafter, elongated diamond-like- 
shaped photoresist areas 26 (FIG. 4) were patterned 
in the trenches centrally between the etched facets 
and with long apexes pointing in the direction of the 
facets. In Fig. 4, as well as in Figs. 5-8, is shown a little 
more than one-half of the trench width and associat- 
ed photoresists. The dash-and-dot line 27 represents 
the center of the trench and of photoresist ("dia- 
mond") area 26. Diamond 26 was from 10 to 50 nm 
wide in the central area and about 250 urn long which 
is about one-half the width of the trenches between 
the devices. This allots half of the length of the dia- 
mond (about 125 jim) to each of packages 10. Other 
dimensions of the diamond could be used as well so 
long as the width of the diamond exceeds the width 
of the area to be matched, e.g.,the diameter of the 
core of the optical fiber. The diamond was then post- 
baked at 120° C for 15 minutes to evaporate most of 
the solvent Thereafter 1 urn thick layer of AZ 41 1 0® 
photoresist 28, was spun on the wafer at rotation 
speeds ranging from 3,000 to 5,000 rpm, preferably at 
4000 rpm. The two photoresists have similar solvent 
bases; however, the spinning of the AZ 411 0® at high- 



er rpms may partially smear out the diamond pat- 
terns. Spinning at lower rpms may lead to a thinner 
photoresist thickness. Alternatively, 1 \m thick pho- 

5 toresist could be sprayed on the whole of the surface, 
including the diamond pattern. In the production of 
optical packages with other devices, the active layer 
may have thickness and, thus, the height of the mod- 
al output area of the device, which is more or less 

10 than 1 nm. In such cases, the rpms should be adjust- 
ed to obtain a photoresist thickness matching that of 
the active layer. 

The photoresists used in the specific example 
are commercially obtainable from Electronic Products 

15 Division of Hoechst Celanese Corporation. The AZ 
4620® contains 2-Ethoxyethyl Acetate(111-15-9),xy- 
lenes (1330-20-7), n-butyl Acetate (123-86-41), Cre- 
sol Novolak Resin (9065-82-1) and Diazonaphto gui- 
none sulfonic ester (5610-94-6). The AZ 4110® is of 

20 the same composition except for the Cresol Novolak 
Resin which is identified as being (117520-84-0). 
These resists are capable of being remelted and re- 
flowed at temperatures of from 120 to 150°C and have 
refractive indices approximating that of the core of 

25 the optical fiber. This temperature range is below the 
temperature e.g., 1 90° C, at which the device may be 
affected unfavorably. Other resists with similar char- 
acteristics may be also used. For example, the above 
resists may be replaced with commercially available 

30 resists, such as Shipley 1370® and 1195®, both of 
which contain propylene glycol monoethyl ether acet- 
ate (100-65-6). 

The wafer was then baked at 120-150° C for one 
hour to allow the diamond shape to remelt and reflow 

35 forming a redistributed photoresist shape 28 as 
shown in FIG. 6. This reflow process resulted in a 
smooth adiabatic variation of the thickness of the 
photoresist. The diamond pattern adjacent to the cen- 
ter of each diamond-shaped photoresist area 26 re- 

40 tained most of its original thickness (as shown in 
FIQ.5) of about 6-7 iim and a gradual decrease to 1 
Iim was observed toward the tip of the reflown dia- 
mond. 

FIGS. 5 or 6 show a step coverage by the 1 jim 
45 photoresist over a corner joining the top surface of 
the device and the etched facet. At this region, the 
deposited photoresist expands to almost twice the 1 
\itn thickness. This type of junction between the poly- 
meric guide and the semiconductor facet is undesir- 
so able. Optical fields conform to the adiabatic guide va- 
riations as long as the slope of the guide boundaries 
is small compared to the divergence of the beam at 
those points. Expansion of the photoresist layer near 
the facet to almost twice the desired thickness means 
55 that the optical field emanating from the active region 
will expand to the extent that the photoresist boun- 
daries will allow. From FIG. 5 or 6 it is clear that about 
50 percent of the power could be scattered away from 
the active area due to the mismatch of the aperture 
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of the photoresist and semiconductor guide active re- 
gion 16 at their intersection (i.e. the semiconductor 
guide is 1 \xm thick whereas the photoresist at that 
point is about 2 ym thick.) To overcome this problem, 
an angle exposure technique was used. Output light 
of an argon ion laser was filtered to provide 3 mW/cm 2 
of optical flux at 450nm. The sample was placed at a 
5 degree angle tangent to the beam for 12 minutes. 
Because of the dependence of the Fresnel reflection 
and optical flux on the incident angle, the photoresist 
near the etched facets was primarily exposed as 
shown in Fig. 7. Since the optical field conforms to the 
photoresist boundaries, it is essential to calibrate the 
exposure and development times to retain « 1jom 
thickness of photoresist facing active region 16 at the 
etched facet. After development, the photoresist pro- 
file shown in Fig. 8 was obtained. 

The device and the lens were then trimmed lat- 
erally by Reactive Ion Etching (RIE) to their final con- 
figurations, and the wafer was baked at 120-150° C 
to further smooth out the photoresist boundaries. The 
wafer was cleaved at the center of the diamond pat- 
terns along the center line 27 and at some point In the 
device (modulator) structure resulting in integrated 
optical package 10 configuration shown in FIG. 1. 

In the preferred embodiment, polymeric photore- 
sist was used for the lens as described above. The re- 
sist had refractive index n=1.67 which approximated 
that of the fiber (rif - 1 .49- 1 .52). The photoresist was 
used because of the ease of handling, treatment and 
fabrication. Instead of resists, other organic polymer 
materials may be used in preparing the waveguide 
lens. One of the materials suitable for this purpose is 
polyimide with refractive index n = 1.6. The use of 
polyimide requires a somewhat different processing, 
as is described with reference to FIGs. 9 and 10. 

Beginning with a wafer processed up to and in- 
cluding dielectric layer 20 (FIG. 3), a 6-7 ^m thick lay- 
er of poiyimide,29, is deposited on top of dielectric lay- 
er 20 (FIG. 9). Thereafter, photoresist deposition, pat- 
terning and treatment, as disclosed above with refer- 
ence to FIGs. 4-6, are conducted on top of polyimide 
layer 29, resulting in the photoresist profile, 30, (FIG. 
9). This photoresist profile is similar to that shown in 
FIG. 6, except for the thickened coverage of the junc- 
ture between facet 22 and to surface 21 of device 11 . 
Subsequently, the photoresist and underlying polyi- 
mide are subjected to dry etching in 0 2 plasma (3 
seem 0 2 flow, 100 W RF power, 430 V DC bias, with 
etching rate of about 70 nm/min). The etching rates of 
photoresist and polyimide are substantially identical; 
therefore, photoresist profile 30 is transferred to the 
polyimide, leading to a lens profile, 31, shown in FIG. 
10. 

Eighty percent coupling efficiency between an 
optical fiber to semiconductor waveguide with an 
asymmetric modal output area was achieved using a 
PEWE lens produced using organic polymeric mate- 



rials, such as photoresists. In the exemplary embodi- 
ment, the semiconductor guide was a modulator 
structure. Similar coupling efficiencies should be 

5 achievable with laser diodes, photodetectors, semi- 
conductor optical switches or other structures having 
asymmetric modal output (or input) areas. For better 
thermal stability, the PEWE lens process may incor- 
porate polyimide films. 

10 The measurement of the enhancement of fiber 
coupling due to the PEWE lens was determined using 
slab waveguide geometry and incident power of a 
Nd:YAG laser. From the observation of the near field 
pattern on the output modulator facet, all of the light 

15 was coupled into the fundamental mode of the semi- 
conductor guide. An indirect measure of the improve- 
ment in coupling efficiency was observed from the 
second harmonic signal radiating from the end facet 
of the modulator guide. With the same Nd:YAG inci- 

20 dent power, radiated green light from the modulator 
end facet was much brighter for the devices contain- 
ing PEWE lenses compared to the guides without 
these lenses. In addition to the large coupling effi- 
ciencies, it was possible to easily couple light into the 

25 guide and maintain it for long periods of time. This is 
due to the large PEWE input aperture which has 
roughly the same dimensions as the core of a single 
mode fiber. 



1. A method of fabricating an integrated optical 
package, 

35 said package comprising an optical device 

(11) with an asymmetric modal area and an elon- 
gated lens (12) for coupling the device to an opt- 
ical component (13) having large modal area rel- 
ative to said asymmetric modal area, which com- 

40 prises: 

beginning with a substrate (14) having a 
compound semiconductor structure thereon 
comprising an active layer (16) and a bottom and 
a top cladding layers (15,17), 

45 etching a trench in said structure so as to 

expose a facet (22) of a device on each side of the 
trench, said etching removing a partial thickness 
of the lower cladding layer (15) and all of the 
other layers of the structure above said lower 

so cladding layer while retaining those portions of 
said structure which are intended to be used as 
the optical device, 

forming in said trench centrally between 
two facets a diamond-shaped elevated form (26) 

55 the length of which is equal to a half of the width 

of the trench between the facets, the thickness 
of the diamond shaped form being equivalent to 
at least the diameter of the core of a fiber to be 
optically coupled to the device, 
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coating the whole of the structure with a 
thin layer (28) of a polymeric material in a thick- 
ness equivalent to the height of the active layer 
in said device, 

converting the profile of the combined 
polymeric material to a profile with a gentle slope 
between said center portion and said facet-ad- 
joining portion, and 

removing an excess of thickness of said 
polymeric material adjacent each facet so as to 
reduce this thickness to that corresponding to 
the height of the active layer in said device. 

2. The method of claim 1, in which said polymeric 
material is a polymeric photoresist capable of re- 
melt and reflow at temperatures below about 
190°C, including heating the combined polymeric 
material so as to cause remelt and reflow of said 
polymeric material into a profile with a gentle 
slope. 

3. The method of claim 2, in which said heating Is 
conducted at temperatures within the range 
120°Cto 150°C. 

4. The method of claim 1 in which said polymeric 
material comprises polyimide. 

5. The method of claim 4, in which said gentle slope 
of the profile is transmitted to the polyimide ma- 
terial by 

depositing polyimide in a thickness corre- 
sponding to the wide cross-section of the lens, 

forming on top of the polyimide layer a 
wedge-like shape (30) of photoresist, said form- 
ing including deposition of diamond-shaped ele- 
vated form of photoresist on top of the polyimide 
layer, deposition of a thin coating of photoresist 
over the whole of the structure and heating the 
resultant resist assembly to obtain a gentle slope 
in the profile of the photoresist, and 

etching the photoresist and polyimide as- 
sembly in a plasma so as to transfer the photore- 
sist profile to the polyimide (31). 



guide progressively changing from said one end 
face to said another end face. 

5 7. An optical lens of claim 6, in which an upper plane 
of the wedge-like waveguide is in a form of a trun- 
cated triangle with the narrow, truncated top be- 
ing adjacent to the optical component with said 
asymmetric modal area, and the broader base 

10 being for abutting to the optical component with 
a larger modal area. 

8. An optical lens of claim 6 or claim 7, in which said 
wedge-like waveguide is provided on its bottom 

15 surface with a dielectric layer (20). 

9. An optical lens of claim 8, in which said dielectric 
layer is Si0 2 . 

20 10. An optical lens of any of claims 6 to 9, in which 
said wedge-like waveguide is of a polymeric pho- 
toresist having an index of refraction approximat- 
ing that of the optical fiber. 

25 11. An optical lens of any of claims 6 to 9, in which 
said organic polymeric material comprises a poly- 
imide. 
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12. An optical lens of any of claims 6 to 11 wherein 
the height of said cross-section changes over a 
length of 250|im from 6-7nm to 1 \im. 



45 



6. An optical lens (12) for coupling an optical com- 
ponent (11) having an asymmetric modal area 
and another optical component (13) with a larger 
modal area, which comprises: so 

an elongated wedge-like optical wave- 
guide, having end faces at opposite ends of the 
waveguide, one end face, to be coupled to said 
optical component with the asymmetric modal 
area, having a cross-section matching said asym- 55 
metric modal area, and another end face, at an 
opposite end of the waveguide to be coupled to 
said other optical component, matching said larg- 
er modal area, the cross-secrton of the wave- 
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